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Abstract 
The amount of light that reaches the leaves is essential in order to ensure a proper synthesis of organic matter at leaf level. When 
efficiently capitalizing the soil from protected areas, the plant management system for cucumbers cultivated in solariums have to 
be take into consideration, in respecti with the degree of self-shading and the amount of light received at the leaves level. The 
research highlight certain differences regarding the amount of light reaching the leaves and the intensity of certain physiological 
processes depending on the height up to which total shoot removal from the main stem was applied. Plant management system 
with total shoot removal at three levels of height (50 cm, 100 cm and 120 cm), showed that as much the part of the strain without 
shoots is lower, the self-shading degree is higher and the values of physiological parameters are lower.   
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1. Introduction 
Cucumber (Cucumis sativus L.) is an important vegetable crop grown under solarium conditions. Using the F1 
cucumber hybrids in protected areas was a necessity in our country given the lack of Romanian creations for this 
specie.  
In recent years, cucumber technology culture in protected areas include the use of foliar fertilizers as Cropmax,  
Bionic, Bioleafz which stimulate hormone biosynthesis (Câmpeanu et al., 2013) or some pruning procedures and 
therefore regulate plants growth and development (Khan et al., 2011). Plant density also influences the production of 
fruits and their weight according to the results obtained by Iacob et al. (2009). 
Photosynthesis is the process with the most significant physiological impact on plant growth and development, 
including cucumber as one of the most important horticultural crops. Given that different abiotic and biotic stress 
factors that influence the rate of photosynthesis (Rouphael et al., 2012; Bi et al., 2013; Alvarez-Flórez et al., 2013; 
Liu et al., 2013; Hernández and Kubota 2014) ongoing studies will be required on the possibilities of increasing 
plant productivity in normal life conditions, considering plants adapting to the action of factors beyond the optimum 
limits and obtaining quality horticultural products. Among the measures that can influence the rate of cucumber 
photosynthesis the following are included: grafting (Rouphael et al., 2012), light intensity (Petterson et al., 2010; 
Sun et al., 2014), light quality (Xiong et al., 2011; Hernández and Kubota 2014), CO2 enriched atmosphere plus 
brassinosteroids treatment (Jiang et al., 2012) etc. In a protected culture conditions a physiologically important 
indicator is also stomatal conductance (Li et al., 2012), an indicator that influence both carbon dioxide assimilation 
and transpiration intensity (the water use efficiency too). 
When cucumbers are cultivated in solarium, most common abiotic stress factors acting to limit the growth, yield 
and quality are low temperature and low intensity of light. Considering the fact that transketolase (TK, EC 2.2.1.1) 
enzyme participates in the Calvin cycle, the scientific results of Bi et al. (2013) regarding the molecular cloning 
characterization of the TK gene, CsTK in cucumber and those referring to expression regulation by low temperature 
and low light signals are of practical importance in improving tolerance to low temperature and light intensity of 
cucumber plants, also on improving the yields of cucumber and other horticultural crops. The use of salt tolerant 
Cucurbita rootstock can improve cucumber photosynthesis capacity under stress and increase crop performance 
(Rouphael et al., 2012). TK activity determination in leaves of different ages have revealed that expression of the 
enzyme was lower in the youngest leaves, which have a smaller number of chloroplasts and moreover being sink 
tissues that accumulate carbohydrates, therefore CsTK repression can be induced. For older leaves, both senescence 
and low light intensity due to leaves shading each other, result in a decrease in CsTK expression (Bi et al., 2013). 
Atmospheric carbon dioxide enrichment and application of brassinosteroids proved to have positive effects on 
photosynthesis when young plants were used in the experiment (Jiang et al., 2012), but the exact mechanism action 
on photosynthesis is an unknown process. 
Adaptation of plants to different environmental conditions and their survival is dependent on various external 
stimulus and transduction of these received signals into appropriate responses. In this context, Alvarez-Flórez et al. 
(2013) noticed that in etiolated Cucumis sativus L. cotyledons, phytochrome signals may be transduced through 
protein phosphorylation as has been demonstrated by the effect of red and far-red light irradiation on mitogen 
activated protein kinase activity.  
Petterson et al. (2010) have experienced the influence of light intensity on the rate of photosynthesis. Cultivation 
methods that can allow more light to reach the lower canopy, might have the potential to increase yield in cucumber 
and other high-wire cultivated crops like tomato and sweet pepper. On the other hand, Sun et al. (2014) emphasized 
that lower photosynthetic capacity of cucumber leaves from emergence to senescence under low light stress is 
probably due to down-regulated of RuBisCO gene expression in transcript and protein levels, and decreased initial 
and total activity as well as activation state of RuBisCO. Light intensity influences not only the net photosynthesis 
rate, stomatal conductance and internal CO2 concentration, but also leaf areas of plants, soluble protein content or 
assimilatory pigments content (Sun et al., 2014). Photosynthesis is closely related to initial RuBisCO activity and 
differences in photosynthetic capacities of leaves grown under 600 and 100 ȝmol m-2 s-1 during senescence are 
correlated with alterations in RuBisCO activity and content. Low light stress down-regulated RuBisCO gene 
expression in transcript and protein levels result in lower photosynthetic capacity of cucumber leaves. 
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Plant responses to light quality are specific to the specie (Hernández and Kubota 2014). Cucumber transplants 
grow with and without supplemental light-emitting diodes lighting different blue: red photon flux ratios. Under 
different solar daily light integrals, it didn’t show benefits in crop growth and morphology with the increase of blue 
photon flux. Moreover, cucumber showed a decrease in dry mass, leaves number and leaf area with the increase of 
blue photons flux conditions. Xiong et al. (2011) noticed a significant interaction between difference of day/night 
temperature and end-of-day light quality. It was found on morphology, dry matter and carbohydrate content in axial 
plant organs like stems and petioles, but not in leaf blades and roots. 
The aim of the present work is to quantify the effect of different pruning procedures on: 1. some physiological 
processes on cucumbers leaves grown in solarium; 2. cucumber plants growth and development as well as the fruit 
yield.  
2. Research Methods  
The studies have been carried out at the Faculty of Horticulture Bucharest, in solarium conditions, using the 
cucumbers hybrid cornichon type ‘Mirabelle’ F1, a  parthenocarpic hybrid with 100% female flowers. It is very 
early-maturing one, very productive, with uniform fruits, pleasant and balanced taste, cultivated both for fresh 
consumption and for conservation. The hybrid has a good resistance to diseases such as Cladosporium 
cucumerinum, Cucumber mosaic virus and Sphaerotheca fuliginea.   
Planting was done in the first decade of April, at 100 cm between rows and 50 cm between plants, resulting in a 
density of 20 000 plants / ha, using transplants produced in warm greenhouses. During the experiment, there were 
performed cucumber-specific care work, lateral shoots removal at 2 fruits and 3 leaves, as well as lateral shoots 
removal at different heights: V1(control) (removal fruits and lateral shoots up to 50 cm), V2 (removal of lateral 
shoots up to 1.0 m and keeping all fruits on the main stem), V3 (removal of lateral shoots up to 1.2 m and keeping 
all fruits on the main stem).  
Physiological parameters such as photosyhtnesis rate (A), transpiration rate (E), stomatal resistance (rs), 
intercellular CO2 concentration (Ci) as well as the photosynthetic active radiation  (PAR) were determined using a 
portable device LCi (ADC BioScientific Ltd.). Physiological measurements were performed at three heights: 70 cm, 
100 cm and 200 cm, for each variant. The following observations and measurements were effectuated: the plant 
height, the average number of shoots, fruits per node, number of fruits on the main stem, number of fruit on the 
lateral shoots, total fruit number/ plant, yield/plant/m2 and the average weight of the fruits. 
3. Results and Discussion 
As we can see in the Table 1, in general, photosynthesis rate increased during plant vegetative growth, from 1.14 
ȝmolCO2m-2s-1 (V1-70 cm), to 16.15 ȝmolCO2m-2s-1 (V3-200 cm), from bottom, middle to the top of the plant.  
Photosynthesis rate values are interrelated with the photosynthetic active radiation (PAR) or photosynthetic 
photon flux density. The PAR values have also increased in relation with the plant height. For the top of the plants, 
photon flux density availability is better assured and more efficiently used. Both parameter values are explained by 
the fact that the photosynthesis reactions are correlated with the light presence in terms of quantity and quality. 
According to Lichtenthaler et al. (1981), in the case of high light intensity, leaves have the capacity to adapt to this 
environmental factor and to perform a greater efficiency during the use of the light energy, as against the shaded 
leaves. On the other hand, in the case of low light interception (e.g. abiotic stress factor), the lower photosynthetic 
rate of cucumber leaves is possibly due to down regulated of RuBisCO gene expression in transcript and protein 
levels (Sun et al., 2014). 
The increase of photosynthesis rate can be observed due to increased intercellular CO2 concentrations, from a 
minimum value of 395 ȝmol mol-1 (V1 at 70 cm) to 766 ȝmol mol-1 (V3 at 200 cm). Even if from the physiological 
point of view this trend is scientifically explained, an opposite evolution has been reported by Acatrinei (2010), in 
the case of different crop plants cultivated in protected spaces. An increased concentration of intercellular carbon 
dioxide provide the raw material for the enzymatic phase of photosynthesis or reducing CO2 by the C3 
photosynthetic carbon path and on the other hand prevents the action of the enzyme RuBisCO as a oxygenase, thus 
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reducing the photorespiration process. As Igamberdiev (2015) noticed, the optimal performance of photosynthesis is 
achieved via the provision of continuous CO2 supply to RuBisCO, by carbonic anhydrases and photorespiration.  
 
Table 1 Cucumis sativus L. (‘Mirabelle’ F1 hybrid) physiological indicators 
Shoots at 50 cm 
Determination 
height (cm) 
PAR 
(ȝmol  m-2s-1) 
Photosynthesis rate 
(ȝmol CO2 m-2s-1) 
Transpiration rate 
(mmol H2O m-2s-1) 
Stomatal 
conductance 
(mol H2O m-2s-1) 
Intercellular carbon 
dioxide concentration 
(ȝmol mol-1) 
70  110 1.14 2.73 6.80 395 
100  220 3.95 3.09 3.13 472 
200  510 11.44 2.96 4.90 599 
Shoots at 100 cm 
70  80 4.89 3.17 7.18 488 
100  440 8.77 2.66 5.16 588 
200  530 11.21 3.20 6.23 601 
Soots at 120 cm 
70  102 1.66 3.06 5.62 435 
100  520 6.10 2.92 4.12 535 
200  680 16.15 2.96 7.37 766 
 
It was no important differences found in the rate of transpiration. However, the maximum value of 3.20 mmol 
H2O m-2s-1 (V2 at 200 cm) was noticed for the top of the plant, followed by a very closed value at V2 (70 cm), 3.17 
mmol H2O m-2s-1  in the case of the bottom part of the plant. The others registered results were around the above. 
Stomatal conductance (gs) and its opposite parameter, stomatal resistance (rs) are measures of water vapors losses 
and theoretically, higher values of gs are related to a great transpiration rate at leaf level. In this researchm it can be 
noticed that transpiration increased from the early plant stage to the followings, from the bottom part until top of the 
plant, but lower values were registered in the middle plant area, for all analyzed variants. This parameter does not 
have the same evolution as photosynthesis, even if the stomatal pore is the entry point for the carbon dioxide. In 
fact, water use efficiency depends on transpiration rate and assimilation rate in the same time (Li et al., 2012). 
Plant growth and development depend on source-sink interaction, net assimilation and assimilates translocation 
which must be in balance (Gifford and Evans, 1981). In this regard, different pruning procedures should be applied 
to achieve such goals. 
Data concerning C. sativus growth capacity are presented in Table 2. As we can see, concerning the total plant 
height, highest value has been registered by V3 (256 cm). For the others two variants, the values were 238 cm, 
indicating that plants manifest a relative uniformity. 
Table 2 Synthesis regarding the vegetative growth capacity of C. sativum plants 
Variant/Specification V1 V2 V3 
Total height of the plant (cm) 238 238 256 
Number of lateral shoots 18.8 13.8 13.6 
 Number of node 29.7 29.7 32 
 
Regarding the shoots number, the highest value was noticed at V1 (18.8), and for the others two cases the number 
was almost the same (13.8 and 13.6 respectively). An explanation is that at V2, shoots have been removed up to a 
lower height (100 cm) comparing with V3 (120 cm). 
Fructification and production capacity (Table 3) registered differences between variants. At V1 there was noticed 
37.6 fruits/shoots, while at V2 only 27.6 fruits/shoots were counted and 27.2 fruits/shoots at V3. The total number of 
fruit on main stem was slightly affected by the work done, the values varied between 40.8 (V3) and 50.5 (V2). 
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Table 3. Synthesis regarding the fructification capacity of C. sativum plants 
Variant/Specification V1 V2 V3 
Mean fruits number on lateral shoots 37.6 27.6 27.2 
Mean fruits number on principal stem 47.5 50.5 40.8 
Total fruits number on a plant 85.1 78.1 68 
Average fruits number on a nod 1.6 1.7 1.5 
 
Regarding the average fruits number per plant, in the case of the lateral shoots, there was registered a small 
increase at V1 (85.1 fruits) and at the others variants no differences revealed (V2-78.1 fruits; V3-68 fruits). 
The average fruits number per node, yield/plant/square meter and average fruits weight have had small variation, 
but they remained in a closely values range. Thus, the mean fruits number on a nod have been between 1.5 (V3) and 
1.7 (V2), while at V1 there was obtained only 1.6 fruits are present on a node. 
The production have been nearly to the hybrid Mirabelle F1 yield potential, obtaining 4.5-5.6 kg/plant and 9-11 
kg/m2. However, as we can see, at V2 and V3, where shoots removal have been done at 1 m and 1.2 m, yield was 
lower. The fruits have been harvested only from the main stem (Table 4). Average fruit weight was maintained in a 
narrow range, 66 to 67 g.  
Table 4 Fruit yield in C. sativum plants 
 
Variant 
Average  
 fruit  
weight (g) 
Yield  
Semnification  Yield/plant Yield/m2 
kg % kg % 
V1 66.50 5.65 100  11.3 100 C 
V2 66.00 5.15 91.15 10.3 91.15 o 
V3 67.00 4.55 80.53  9.1 80.53  oo 
                                        DL 5 %  - 0.39  
                                        DL 1 %  -  0.65  
                                      DL 0.1 % - 1.21  
4. Conclusions 
The application of the pruning techniques which assure the best balance between the carbon dioxide assimilation 
and photosynthetic products translocation should be one of the measures to better use the environmental factors (e.g. 
light) in the solarium. 
Total height of the plants was higher in V3, and the number of side shoots higher in V1.  
The average number of fruits on lateral shoots was higher in V1 because there are many existing tillers per plant. 
The other experimental variants formed less fruits but fewer side shoots that ought to form fruit.  
Total number of fruits formed on the main stem was constant; it was not influenced by the removal method of the 
lateral shoots.  
It was obtained an average number of 50.5 fruits at V2, 47.5 fruits at V1 and 40.8 fruits at V3. 
The number of fruit formed at a node ranged from 1.5 to 1.7. 
Yield per plant was between 4.5 kg and 5.6 kg and per square meter between 9.1 kg and 11.3 kg. 
Lateral shoot removal at heights of 1.0 m and 1.2 m allows a reduction in the necessary labor for fruit load 
balance without decreasing considerably the fruit production. 
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